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In this study, Arctic Ocean patterns of deep water circulation and sediment provenance during the Last Glacial
(LG) were compared with the recent situation by investigating the Nd and Sr isotopic composition
(143Nd/144Nd, expressed as εNd, 87Sr/86Sr) of the leachable and lithogenic sediment fractions as well as the
elemental composition (Mn, Ca, Mg, total inorganic carbon (TIC)) on a spatially extended scale encompassing
11 sediment cores from several Arctic Ocean basins and ridges.
The leachable, authigenic signature of the surface sediments implies a North Atlantic deepwater source and a late
Holocene circulation regime that leads to well-mixed, mostly uniform, εNd values of−10.9 to−10.3. Sediments
from the LG have overall more variable authigenic εNd values (−13.9 to−7.4). Lower values specifically occur in
the Amerasian and Amundsen Basins, documenting an enhanced flow of deep waters from theMakarov Basin to
the Amundsen Basin probably via the Lomonosov Ridge intra-basin.
In terms of detrital provenance areas, the lithogenic material deposited at the core locations cannot be unambig-
uously assigned to distinct source areas based on its radiogenic isotope composition, but represents a diverse
mixture. Nevertheless, the Nd and Sr isotope signatures of surface sediments from the Amerasian Basin are dom-
inated by western Arctic sources (εNd = −12.8 to −11.0; 87Sr/86Sr = 0.7214 to 0.7251), while Eurasian Basin
surface sediments are dominated by Eurasian sources (εNd = −10.9 to −9.7, 87Sr/86Sr = 0.7178 to 0.7299),
which is in agreement with previous studies. Bulk element patterns (Ca, Mg, TIC) of the studied sediments sup-
port these differences in provenance. The LG samples show the same trendswith low εNd (−16.1 to−13.7) and
high 87Sr/86Sr (0.7294) in the Canada Basin, and higher εNd (−12.6 to −8.8) and lower 87Sr/86Sr (0.7154 to
0.7249) in the Eurasian Basin sediments. However, LG samples have mostly lower and more heterogenous εNd
and 87Sr/86Sr values than the surface samples.
Our geochemical study shows that the overall circulation pattern of the deepwatermasses during the LGwas lo-
cally influenced by brine formation butwas generally similar to today. The isotopic composition of the lithogenic
material from the LG is different frommodern times, presumably due to shorter transport pathways of lithogenic
material to the Arctic Ocean because of a lower sea level and exposed shelves during the LG. Nevertheless, the
lithogenic fraction still represents a mixture from several sources.

© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords:
Arctic circulation
Provenance
Neodymium isotopes
Strontium isotopes
1. Introduction

The deep water circulation of the Arctic Ocean is very important for
the global climate because it impacts North Atlantic deep water forma-
tion and therefore forms a crucial part of the global overturning circula-
tion (Aagaard et al., 1985). A varying Arctic deep water circulation
during the Last Glacial (LG) may have contributed to the drop in global
temperatures by decreasing the transport of heat around the global
ocean (e.g., Broecker and Denton, 1989; Driscoll and Haug, 1998).
de (A.-K. Meinhardt).

. This is an open access article under
Information about water mass circulation in the oceans can be de-
rived from Nd isotopes. Depending on lithology and age, continents
have different isotopic signatures (143Nd/144Nd, expressed as εNd) and
these signatures are imprinted on sea water by weathering and erosion
(e.g., Frank, 2002). The Nd isotopic composition of the authigenic Fe–
Mn oxide fraction obtained by sequential leaching represents the Nd
fraction,which is exchangeablewith seawater, and thus reflects the dis-
solved deepwater signal at the time of deposition (Rutberg et al., 2000;
Bayon et al., 2002; Gutjahr et al., 2007). In the Arctic Ocean, several au-
thors have investigated the Nd isotopic composition of authigenic sedi-
ment fractions (Winter et al., 1997; Haley et al., 2008a, 2008b; Maccali
et al., 2013; Jang et al., 2013). It has been shown that the past deep
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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water circulation varied over glacial/interglacial timescales with some
excursions due to specific events (e.g., outburst of ice-dammed lakes,
melting of ice sheets; Spielhagen et al., 2004; Jakobsson et al., 2014).
Haley and Polyak (2013) made the first attempt to use Nd isotopes on
a broader spatial scale and defined a “pre-anthropogenic baseline” of
deep water circulation in the Arctic Ocean. In our study we follow this
approach and use the recent deep water circulation signals of surface
sediments from several Arctic basins and ridges to update and refine
this baseline. Additionally, we define the authigenic Nd isotopic compo-
sition of the last glacial to determine the glacial deep water circulation
pattern on a broad spatial scale.

In order to better understand the environmental conditions in the
Arctic and their impact on, and significance for, the Arctic Ocean during
the LG compared to the modern, we studied the provenance of the
lithogenic material using elemental concentrations and Nd and Sr iso-
topes. Investigation of sediment provenance in the Arctic is expected
to reveal surface circulation patterns because sea ice drift forms the
dominant distribution pathway of detritus from the Arctic coasts and
shelves across the entire basin. It is therefore instrumental to use sedi-
ment archives to reconstruct sea ice patterns in different regions of
the Arctic Ocean in order to compare LG and modern conditions.

The Arctic Ocean is surrounded by a large variety of lithologies,
whose Nd and Sr isotopic compositions have mostly been determined.
Therefore, distinct source areas can be defined. Our results provide a
spatial and temporal pattern of sediment input and offer insight into
the environmental conditions in the Arctic during the LG compared to
the modern situation.

We hypothesize that glacial sediment provenance was different
from today because of a lower sea level, exposed shelves, the existence
of large ice sheets, and an overall more arid climate (e.g., Darby et al.,
2006). Today the surface circulation in the Arctic Ocean is dominated
by two major current systems: The anti-cyclonic Beaufort Gyre (BG)
in the Amerasian Basin, and the Transpolar Drift (TPD) originating
from the Siberian shelves and crossing the Arctic Ocean towards the
Fram Strait. These currents transport sea ice – and sediments entrained
Fig. 1. (based on IBCAO, Jakobsson et al., 2008) a)Map of the Arctic Oceanwith core locations an
Arctic Archipelago; 4: Svalbard. b) Recent deepwater currents (adapted fromRudels et al., 2012
sites of slope convection from cold, brine enriched shelf waters to the deepwaters (Nansen, 190
(Piepgras and Wasserburg, 1987) and Pacific inflow (Dahlqvist et al., 2007).
in it – from the shelves across the entire Arctic Ocean. With our geo-
chemical approach, we try to evaluate the potentially varying influence
of these current systems on the isotopic signal of the studied sediments
under last glacial and modern conditions. This will lead to a better un-
derstanding of present and past environmental conditions in the Arctic
Ocean.

2. Material and methods

During R/V Polarstern expedition ARK-XXVI/3 in 2011 (Schauer,
2012), 11multicorer coreswere collected (Fig. 1a, Table 1; here referred
to as 201, 206, 211, 217, 225, 231, 237, 248, 275, 277, and 285). Shortly
after core recovery, sampling was carried out at a depth resolution of
1 cm and sediment slides were stored at ~4 °C. After freeze-drying on
shore, the sampleswere finely ground in an agate ball mill for the deter-
mination of element concentrations. Isotopic measurements were done
on the untreated bulk sediment.

2.1. Major and trace elements

Analyses of Al, Ca, Mg, and Mn concentrations were performed by
wavelength-dispersive X-ray fluorescence (XRF, Philips PW 2400) on
fused borate glass beads (detailed procedure in data repository of
Eckert et al., 2013). Total inorganic carbon (TIC) was measured coulo-
metrically with an UIC Coulometer. Accuracy and precision were
checked with several inhouse standards (CAST, ICBM-B, Loess, PS-S,
Peru,WAP; for TIC only Loess was used). For TIC, accuracy and precision
were b1 rel-% (1σ). For XRF measurements, accuracy and precision
were b4 rel-% (1σ). The water content of each sample, determined as
the difference of wet and dry sediment weight, was used to correct
the sediment content for each sea salt constituent to eliminate dilution
effects resulting from sea salt enclosed in interstitial waters.

Element contents are displayed inweight % formajor elements, ppm
(μg/g) for trace elements, and are typically normalized to Al whose ori-
gin is essentially terrigenous and which is not affected by biogenic or
dmajor rivers. Black numbers: 1: Chukchi Peninsula 2: Okhotsk–Chukotka volcanic belt 3:
), literature values for deepwater εNd and riverwater εNd. Black circles and arrows: possible
6; Rudels et al., 2012). Black numbers: Atlantic inflow from the Greenland Sea deepwater

Image of Fig. 1
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diagenetic processes (Brumsack, 2006). Therefore, variable dilution of
the terrigenous background can be excluded.

2.2. Nd and Sr isotopes

Sample preparation for Nd and Sr isotope analysis was modified
fromChester andHughes (1967). All chemicalswere of ultrapure or dis-
tilled quality. Authigenic Fe–Mn oxides were leached from 500 mg of
the bulk sediments using 10 ml of a 0.02 M solution of hydroxylamine
hydrochloride (HH) in a weak 2% acetic acid matrix. The mixture was
shaken for 1.5 h. After centrifuging, the supernatant was collected, cen-
trifuged again, filled into a Teflon beaker and dried down at 160 °C. The
samples were dissolved in 0.5 ml 1 N HNO3 for separation of rare earth
elements (REE) from Sr and other cations on Eichrom Tru-Spec resin
(100–150 μm mesh; Pin and Zalduegui, 1997). Final isolation of Nd
from other REE was achieved using Eichrom Ln-Spec resin (50–
100 μm mesh; Pin and Zalduegui, 1997) and 0.24 N HCl as eluant. The
residual sediment fraction (after the first leach, see above) was washed
with demineralizedwater and then treatedwith 10ml of buffered acetic
acid (pHof 5.5) to remove carbonates. The suspensionwas agitated over
night. After centrifuging, the supernatant was discarded and the sedi-
ment was again washed with demineralized water. The carbonate re-
moval was repeated until no more CO2 was released, followed by two
more leaching steps with HH (0.02 M in 25% acetic acid, 6 h and 24 h)
to remove any authigenic fraction.

Complete digestionwas performedwith about 40mg of the residual
detrital sediment fraction, 0.5 ml conc. HClO4, 3 ml conc. HF, and
3 × 3 ml 6 M HCl. Pure MgO powder was added in excess (~20 mg)
prior to dissolution to prevent the formation of AlF3 (Takei et al.,
2001). For separation of REEs from Sr and other cations, Eichrom Tru-
Spec resin was used. The isolation of Nd followed the procedure de-
scribed above, while Sr was isolated from Rb using Eichrom Sr-Spec
resin (100–150 mmmesh).

Neodymium and Sr isotopes were measured with a multi-collector
ICP-MS (Neptune Plus, Thermo Scientific) at the University of Olden-
burg. For Nd isotope analyses, all samples were corrected for mass frac-
tionation using 146Nd/144Nd = 0.7219 and an exponential law. Each
measurement session was accompanied by multiple analyses of the
Nd standard JNdi-1 (generally every 3 samples), and 143Nd/144Nd ratios
of all samples were normalized to the reported JNdi-1 value of
143Nd/144Nd = 0.512115 (Tanaka et al., 2000). The Nd isotopic compo-
sition is expressed in εNd notation:

εNd = [(143Nd/144Nd)sample/(143Nd/144Nd)CHUR − 1] ∗ 104.

where (143Nd/144Nd)CHUR is the Chondritic Uniform Reservoir with a
value of 0.512638 (Jacobsen and Wasserburg, 1980).

Typical long-term external errors (reported as 2σ SD, Table 1) range
between 0.16 and 0.33 εNd, based on multiple JNdi-1 analyses during
each session (n = 6–8). The BCR-2 standard had an εNd value of 0.1
(±0.3; n = 5; 2σ), which is well within the reported εNd value of
0.0±0.2 (Raczek et al., 2003). The addition ofMgO to the acid digestion
resulted in Nd blank levels of 2–4% of sample Nd. To check the potential
influence of the MgO powder on the isotopic ratios of the samples, five
MgO powder samples were treated the sameway as the samples. These
MgO blanks yielded εNd values of −11.1 ± 0.5 to −8.5 ± 0.5. Using a
simple mixing calculation, the maximum influence of the MgO powder
on the isotopic composition of the sampleswas+0.1 εNd units. This is in
the range of the analytical uncertainty of the samplemeasurements and
can therefore be neglected.

For Sr isotope analyses, all sampleswere corrected formass fraction-
ation using 86Sr/88Sr = 0.1194 and the exponential law. Measurements
were accompanied by multiple analyses of NBS987 (generally every 7
samples), and 87Sr/86Sr values of all samples were normalized to the re-
ported NBS987 value of 0.710248 (Thirlwall, 1991). Krypton ‘gas blanks’
measured on 83Kr and used to correct for 86Kr on 86Sr were below
0.1mV (while 86Sr wasmeasured at 2–3 V) and are therefore negligible.
Rubidium and Ba contents were also found to be negligible. Typical
long-term external errors (reported as 2σ SD, Table 1) range between
0.000021 and 0.000026 87Sr/86Sr, based on multiple NBS987 analyses
during each session (n = 3–4). The BCR-2 standard had a 87Sr/86Sr
value of 0.70504 ± 0.00002 (n = 5; 2σ), well within the reported
value of 0.70496 (Raczek et al., 2003).

2.3. Sampling strategy for recent Holocene and LG sediment samples

The age of the sediments was estimated based on the Mn/Al variations
of the sediment cores (Fig. 2). Close to the surface, the sediment cores show
elevatedMn/Al ratios that decrease downcore until aminimum is reached.
We chose the upper first centimeters of each core as a representative sam-
ple for recentHolocene sedimentation. As demonstratedbyMeinhardt et al.
(2014) for sediment cores from the Mendeleev Ridge, the first downcore
minimum in Mn/Al reflects reduced fluvial and coastal erosion-derived
Mn input during glacial periods (Jakobsson et al., 2000), and corresponds
to the LG. Therefore we have chosen samples from the first Mn/Al mini-
mum to represent the LG.We apply this stratigraphy under the assumption
that the continental input factors controlling the Mn/Al on the Mendeleev
Ridge are valid for other parts of the Arctic Ocean as well.

Conventional dating in Arctic Ocean sediments (e.g., 14C dating, δ18O
stratigraphy) is limited because of poor preservation of calcareous
nanofossils and the varying riverine fresh water input, which prevents
the correlation of foraminiferal oxygen isotopes to lower latitude oxy-
gen isotope records (Backman et al., 2004; Spielhagen et al., 2004).
Stratigraphic correlation based on elevated Mn contents can be applied
for central Arctic Ocean sediments when diagenetic remobilization can
be excluded (März et al., 2011; Löwemark et al., 2014). In the studied
multicorer samples, additional pore water analyses (not shown) reveal
Mn2+ concentrations below detection limit, suggesting that diagenetic
Mn relocation is negligible. The correlation may not be valid for all
parts of the Arctic Ocean and we therefore refer to Mn-poor/cold/LG-
like depositional conditions throughout the manuscript. Core 285
shows no variation in Mn/Al. Therefore we were not able to identify
the LG in this core. In general the minima and maxima in cores from
near the Laptev shelf are less pronounced. To constrain the applied stra-
tigraphy additional age control should be provided in further studies.

3. Results

3.1. Geochemical characteristics of the sediment cores

Compared to average shale (“AS”, Wedepohl, 1971, 1991), all cores
are enriched in Mn at the surface with highest enrichments in core
217 from the North Pole (Amundsen Basin) and cores 231 and 237
from the Alpha Ridge/Canada Basin (Fig. 2, Table 2). The Mn/Al ratios
decrease downcore towards lower ratios that mark the LG (Meinhardt
et al., 2014), before they sharply increase towards a maximum. In
cores close to the Laptev Sea shelf (275 to 285), theminima andmaxima
are less pronounced compared to the other locations.

The surfaces of cores 201, 206, 211, 231, and 237 are also enriched in
Ca, and parallel enrichments in Ca, Mg, and TIC are visible in the upper
centimeters of cores 231 and 237 (Fig. 3, Table 2).

3.2. Nd isotope ratios of authigenic Fe–Mn oxides (leachable fraction)

The Nd isotope signature of the surface sediment leachates is rather
uniform. Except for station 201 in the Nansen Basin (εNd = −9.2), the
εNd values range from −10.9 to−10.3 (Fig. 4a, Table 1).

The samples from the LG show larger spatial differences than the
surface samples, with higher εNd in the Nansen Basin (−8.8 to −7.4)
and lower εNd in the Canada (−13.9) and Amundsen Basins (−12.2



Table 1
Core locations, bulk element contents and Nd and Sr isotopic composition of the leachable and lithogenic fractions of modern and LG (bold) samples.

Leachable fraction Lithogenic fraction

Station Latitude Longitude Water
depth
(m)

Depth in
core
(cm)

143Nd/144Nda Internal
error
(2σ SE)

εNd external
Error
(εNd, 2σ SD)

Propagated
error
(εNd)b

143Nd/144Nda Internal
error
(2σ SE)

PS78/201-7 85° 32.49′ N 59° 25.01′ E 3797 0–1 0.512167 0.000012 −9.2 0.16 0.29 0.512138 0.000003
2–3 0.512185 0.000005 −8.8 0.33 0.35 0.512119 0.000005

PS78/206-2 86° 26.43′ N 60° 5.75′ E 1770 0–1 0.512100 0.000013 −10.5 0.16 0.29 0.512106 0.000006
6–7 0.512258 0.000003 −7.4 0.33 0.34 0.512185 0.000009

PS78/211-1 87° 36.04′ N 61° 3.23′ E 4026 0–1 0.512082 0.000004 −10.9 0.16 0.17 0.512080 0.000014
7–8 0.512054 0.000012 −11.4 0.33 0.41 0.512060 0.000012

PS78/217-1 89° 57.73′' N 97° 41.59′ E 4122 0–1 0.512111 0.000003 −10.3 0.16 0.17 0.512128 0.000009
21–22 0.512017 0.000007 −12.1 0.33 0.36 0.511993 0.000010

PS78/225-4 87° 39.09′ N 157° 43.61′ W 2314 0–1 0.512096 0.000012 −10.6 0.16 0.27 0.512077 0.000011
4–5 0.512049 0.000012 −11.5 0.33 0.41 0.512062 0.000020

PS78/231-1 84° 54.32' N 137° 48.54' W 1594 0–1 0.512096 0.000011 −10.6 0.16 0.26 0.512026 0.000005
2–3 0.512014 0.000003 −12.2 0.33 0.34 0.511938 0.000006

PS78/237-1 83° 44.65′ N 154° 24.88′ W 2378 0–1 0.511982 0.000008
5–6 0.511923 0.000009 −13.9 0.33 0.38 0.511814 0.000012

PS78/248-4 84° 40.75′ N 149° 59.41′ E 1611 0–1 0.512112 0.000007 −10.3 0.16 0.21 0.512127 0.000012
19–20 0.512099 0.000006 −10.5 0.18 0.21 0.512088 0.000015

PS78/275-1 80° 49.13′ N 120° 58.26′ E 3527 0–1 0.512101 0.000009 −10.5 0.16 0.23 0.512096 0.000007
18–19 0.512101 0.000006 −10.5 0.18 0.21 0.512070 0.000005

PS78/277-2 80° 12.54′ N 122° 12.20′ E 3359
19–20 0.512104 0.000004 −10.4 0.33 0.34 0.512067 0.000014

PS78/285-6 78° 29.97′ N 125° 42.94′ E 2805 0–1 0.512112 0.000010 −10.3 0.16 0.26 0.512116 0.000004

Lithogenic fraction Bulk sediment
a Normalized to the JNdi 143Nd/144Nd value of 0.512115 (Tanaka et al., 2000).
b √{(internal error)2 + (external error)2}.
c Normalized to the NBS987 87Sr/86Sr value of 0.710248 (Thirlwall, 1991).
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to −11.4) (Fig. 4b). Samples from the Lomonosov Ridge and near the
Laptev shelf have values similar to the surface samples.
3.3. Nd and Sr isotopes of the terrigenous fraction

To distinguish between different source areas of the terrigenous
material, we plot our Nd and Sr isotope results into εNd versus
87Sr/86Sr diagrams together with Nd and Sr isotope compositions of
the surrounding Arctic terrains as potential source endmembers
(Fig. 5). The lithogenic fraction of the surface samples shows εNd

values of −12.8 to −9.7 (Figs. 5a, 6a; Table 1). The most negative
values are found in samples closer to the Canadian Arctic (cores
231 and 237). The 87Sr/86Sr values from the terrigenous fraction of
the surface sediments range from 0.7154 to 0.7299 (Fig. 5a,
Table 1). Fig. 4a shows, that no sample can be assigned to one distinct
source area but that they plot between potential source areas. The
87Sr/86Sr values of cores from the Eurasian Basin (206, 211, 275,
285) are located closer to the suspended particulate matter (SPM)
of the Siberian rivers Khatanga, Yana, and Lena than samples 231
and 237 from the Amerasian Basin. Some distinct trends are visible
for the surface sediments. Cores 231 and 237 from the Alpha Ridge/
Canada Basin have the lowest εNd values of the surface sediments
and plot closer to the Mackenzie particles. This is in accordance
with their geographic location: Of all cores they are located closest
to the North American continent. Core 201 from the Nansen Basin,
which is located nearest to Svalbard, has the highest εNd and
87Sr/86Sr values. Core 206 from the southern Gakkel Ridge has the
lowest 87Sr/86Sr value. Cores 211 from the northern Gakkel Ridge,
225 from the Makarov Basin, and 275 and 285 near the Laptev shelf
plot closely together.

During the LG, εNd values are mostly in the same range as the sur-
face samples, except for core 206 with higher εNd (−8.8) and cores
231 and 237 with lower εNd (−13.7 and −16.1, respectively;
Table 1). The most negative values are again found in the Canada
Basin. Most of the LG samples have lower εNd values and lower
87Sr/86Sr values than the surface samples, but these differences are
quite small (Fig. 7).
4. Discussion

4.1. Bulk sediment characteristics

In the oxic environment of the Arctic Ocean, Mn forms
(oxyhydr)oxides with a high adsorption capacity for many elements.
High enrichments of Mn are common in Arctic Ocean sediment cores
(e.g., Jakobsson et al., 2000; März et al., 2011; Macdonald and Gobeil,
2012; Löwemark et al., 2014;Meinhardt et al., 2014). In the Central Arctic
Ocean, dark brown, Mn-rich sediment layers alternate with lighter olive
brown, Mn poor layers. The main reason for the occurrence of these Mn
layers is the enhanced input from rivers and coastal erosion during inter-
glacial/interstadial times (Jakobsson et al., 2000; Macdonald and Gobeil,
2012).

The very high Mn/Al values especially in the surface samples of
cores 231 and 237 may result from either enhanced fluvial/erosional
Mn input in the recent warm period compared to the LG or enhanced
diagenetic remobilization. Riverine input has been found to domi-
nate over coastal erosion in the Canadian Beaufort Sea, and coastal
erosion may only be important locally (Rachold et al., 2000). Second-
ary processes may redistribute Mn in the sediment after deposition
(Li et al., 1969; Macdonald and Gobeil, 2012), but this can be exclud-
ed for surface sediments in the central Arctic Ocean (Meinhardt et al.,
in review).

The enrichment in Ca in the upper intervals of sediment cores 231
and 237 indicates the presence of biogenic or terrigenous detrital car-
bonate (Fig. 3). Terrigenous carbonates (mostly dolomite) are charac-
terized by synchronous enrichments in Ca, Mg, and TIC, as seen in the
surface samples of the two sediment cores and the LG sample of core
237. Dolomite is common in thewestern part of the Arctic and presum-
ably originates from the Arctic Archipelago (Banks and Victoria Islands,
Bischof et al., 1996; Bischof and Darby, 1997). It is transported by ice-
bergs and sea ice as ice rafted debris (IRD) with the BG in the western
Arctic Ocean. The element profiles therefore give evidence that loca-
tions 231 and 237 have been influenced by the BG and that TIC is indic-
ative for Arctic Archipelago provenance. However, dolomite is not
indicative for changes between modern and LG conditions and can
only be used for sediments from the Amerasian Basin.



Lithogenic fraction Bulk sediment

Station εNd External
error
(εNd, 2σ SD)

Propagated
error
(εNd)b

87Sr/86Src Internal
error (2σ
SE)

External
error (2σ
SE)

Propagated
errorb

Mn
(%)

Al
(%)

Mg
(%)

Ca
(%)

Mn/Al

PS78/201-7 -9.7 0.25 0.26 0.72991 0.000017 0.000024 0.000029 0.256 9.60 1.86 1.40 0.027
-10.1 0.25 0.27 0.72492 0.000028 0.000026 0.000038 0.164 9.66 1.80 1.31 0.017

PS78/206-2 -10.4 0.25 0.28 0.71785 0.000017 0.000024 0.000029 0.217 7.02 1.06 3.31 0.031
-8.8 0.25 0.31 0.71542 0.000019 0.000026 0.000033 0.081 7.39 1.03 1.13 0.011

PS78/211-1 -10.9 0.25 0.37 0.72038 0.000002 0.000024 0.000024 0.510 8.29 1.44 2.64 0.062
-11.3 0.18 0.29 0.71720 0.000003 0.000026 0.000027 0.331 8.64 1.42 1.51 0.038

PS78/217-1 -9.9 0.25 0.30 0.72243 0.000009 0.000024 0.000026 0.658 8.53 1.72 1.37 0.077
-12.6 0.18 0.26 0.72190 0.000012 0.000026 0.000029 0.137 9.55 1.70 0.65 0.014

PS78/225-4 -11.0 0.25 0.33 0.72135 0.000020 0.000024 0.000031 0.580 8.83 1.58 1.53 0.066
-11.2 0.25 0.47 0.72140 0.000003 0.000021 0.000021 0.355 7.51 2.09 4.53 0.047

PS78/231-1 -11.9 0.25 0.27 0.72512 0.000003 0.000024 0.000024 0.403 5.06 2.39 10.81 0.080
-13.7 0.25 0.28 0.72240 0.000012 0.000021 0.000024 0.286 4.80 2.94 12.28 0.060

PS78/237-1 -12.8 0.25 0.28 0.72466 0.000011 0.000024 0.000026 0.385 5.50 2.36 9.82 0.070
-16.1 0.25 0.35 0.72943 0.000018 0.000026 0.000032 0.182 4.44 4.23 12.12 0.041

PS78/248-4 -10.0 0.25 0.35 0.71937 0.000026 0.000024 0.000036 0.565 8.60 1.57 1.65 0.066
-10.7 0.25 0.39 0.71657 0.000013 0.000026 0.000029 0.339 9.00 1.37 0.81 0.038

PS78/275-1 -10.6 0.25 0.29 0.72037 0.000008 0.000024 0.000025 0.396 8.12 1.45 2.28 0.049
-11.1 0.25 0.27 0.71609 0.000010 0.000026 0.000028 0.189 8.79 1.34 0.68 0.022

PS78/277-2 0.413 8.51 1.49 1.99 0.049
-11.1 0.25 0.37 0.71667 0.000025 0.000026 0.000036 0.212 8.78 1.39 0.71 0.024

PS78/285-6 -10.2 0.18 0.19 0.72049 0.000005 0.000024 0.000024 0.384 8.70 1.64 1.36 0.044
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Samples from the LG have higher Mn contents than the local back-
ground, indicating the occurrence of additional authigenic Mn to the
sediment even during the glacial period. But they generally have
lower Mn contents than the modern samples due to reduced fluvial
and erosional input. However, the authigenic sediment fraction is very
large and biases the use of other bulk sedimentary trace metals as prov-
enance indicators (e.g., Ni, Y), leading to ambiguous results. To avoid
this bias we will focus on the Nd and Sr isotopic composition of the
lithogenic sediment fraction after removal of the authigenic sediment
fraction for provenance studies (Chapter 4.3).

4.2. Nd isotope ratios of authigenic Fe–Mn oxides

4.2.1. Modern situation
Atlantic inflow is the primary source of Arctic Ocean deep water

(Fig. 1b) with an εNd signature of −10.7 (from the Greenland Sea
deep water, Piepgras and Wasserburg, 1987). The surface samples
from the Eurasian Basin (except for core 201 with εNd − 9.2, discussed
below) show values of εNd− 10.6± 0.3, supporting the dominating in-
fluence of bottom water from the North Atlantic. This is in accordance
with previous studies (e.g., Haley and Polyak, 2013) and suggests
well-mixed deep waters with an Atlantic origin in the Eurasian part of
the Arctic Ocean.

Core 201 in the Nansen Basin is the only one with a slightly higher
εNd value of −9.2, the same as a sediment sample from the Kara shelf
(Haley and Polyak, 2013; Fig. 4a). This may indicate the influence of
shelf-seawater interaction and the transport of this signal into deepwa-
ters through brine formation or minor redeposition of particles with
coatings formed on the Kara Sea shelf.

The Nd isotope ratios of cores 275 and 285 near the Laptev Sea shelf
(εNd− 10.5 and−10.3, respectively) show theNorthAtlantic εNd signa-
ture and clearly differ from sediments directly on the shelf (εNd=−8.8
to−8.0, Haley and Polyak, 2013, Fig. 4a). This indicates that there is no
direct transport of waters from the shelf to the deep basin in this region
(as would be expected in case of brine rejection).

One deepwatermeasurement of Porcelli et al. (2009) in the Amund-
sen Basin shows an εNd value of −12.3 (Fig. 1b), which is considerably
lower than elsewhere in the Arctic Ocean. The authors explain this
value by exchange between shelf sediments and overlying waters.
They doubt simple mixing of North Atlantic derived water with shelf
water or addition of Nd as explanation for lower values in the Amund-
sen Basin. Our data do not confirm this finding. Core 217 from the
Amundsen Basin has a similar εNd (−10.3) as our other surface samples
in the Eurasian Basin and the value of Zimmermann et al. (2009) from
the Amundsen Basin (Fig. 1b), suggesting that this location is aswell in-
fluenced by well-mixed deep water with a North Atlantic origin.

Pacific water enters the Arctic Ocean with an average εNd value of ~
−5 (Dahlqvist et al., 2007). Even core 237 closest to the Canada Basin
shows no change towards more positive values and is therefore appar-
ently not influenced by Pacific water.

4.2.2. Last Glacial
The εNd results from the LG show a less homogenous deepwater εNd

distribution in theArctic Ocean compared to themodern situation,most
likely suggesting stronger local influence due to more sluggish deep
water circulation (Fig. 4b). During the LG, the sea level was lower than
today and most of the Siberian shelf area was exposed. The core sites
were therefore subject to more direct influence by rivers and brine re-
jection. Water from the Pacific Ocean with a more positive isotopic sig-
nature could not enter the Arctic Ocean.

Location 237 with a low εNd signature (−13.9) must have been in-
fluenced by water with a more negative signature. One possible source
with negative signature is the Mackenzie River (εNd = −12.9), whose
isotopic signature is transported with the anti-cyclonic BG in the
Canada Basin. Its isotopic signaturemust have been evenmore negative
during the LG by at least one εNd unit to cause the observed signal. In
sediments close to the North Pole, Haley et al. (2008a) explained low
εNd values during glacial intervals with brine formation occurring on
the Eurasian shelves. The isotopic signature of the Lena River
(εNd = −14.2) is a potential source for low εNd values and may be
added to the deep water through brine rejection.

A higher εNd signal is seen in Nansen Basin samples from cores 201
and 206 (εNd values of−8.8 and−7.4, respectively), possibly indicating
local river input to surface waters or partial dissolution of riverine par-
ticles and subsequent brine rejection. A possible source for higher εNd
values on land are the Putorana Mountains. Material from the Putorana



Fig. 2. Mn/Al ratios of the studied multicorer cores. Open circles mark samples for isotope measurements. Dashed line marks average shale (Wedepohl, 1971, 1991).
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Mountains (εNd ≥ 0, Sharma et al., 1992), which is transported by rivers
and coastal erosion to the shelf area, is incorporated into the Eurasian
ice sheet. This ice sheet extended to the current shelf edge of the Kara
and Barents Seas (Svendsen et al., 2004). Boundary exchange and
brine rejection on the ice edge especially in the Kara Sea may have
transferred this material to the deeper waters, as proposed by Aagaard
Table 2
Mn/Al of all studies cores; Mg/Al, Ca/Al, and TIC (%) of cores 231-1 and 237-1.

201-7 206-2 211-1 217-1 225-4 231-1

Depth (cm) Mn/Al Mn/Al Mn/Al Mn/Al Mn/Al Mn/Al Mg/Al Ca/Al

0–1 0.027 0.031 0.062 0.077 0.066 0.080 0.472 2.135
1–2 0.021 0.026 0.060 0.078 0.065 0.064 0.455 1.628
2–3 0.017 0.020 0.056 0.075 0.055 0.060 0.611 2.613
3–4 0.052 0.015 0.051 0.070 0.051 0.064 0.571 3.312
4–5 0.052 0.014 0.047 0.065 0.047 0.051 0.302 2.150
5–6 0.042 0.013 0.043 0.066 0.049 0.023 0.238 1.881
6–7 0.033 0.011 0.039 0.068 0.056 0.017 0.229 1.815
7–8 0.024 0.012 0.038 0.068 0.065 0.012 0.169 0.893
8–9 0.016 0.011 0.041 0.068 0.063 0.010 0.148 0.558

9–10 0.018 0.009 0.039 0.068 0.036 0.010 0.145 0.422
10–11 0.032 0.016 0.036 0.067 0.020 0.009 0.144 0.423
11–12 0.034 0.028 0.053 0.066 0.013 0.009 0.125 0.229
12–13 0.033 0.034 0.074 0.065 0.014 0.007 0.116 0.111
13–14 0.032 0.032 0.071 0.063 0.011 0.007 0.106 0.074
14–15 0.023 0.030 0.073 0.062 0.010 0.006 0.110 0.067
15–16 0.024 0.025 0.072 0.063 0.009 0.006 0.107 0.057
16–17 0.020 0.021 0.048 0.059 0.008 0.006 0.105 0.054
17–18 0.020 0.019 0.025 0.048 0.007 0.006 0.104 0.057
18–19 0.020 0.017 0.022 0.041 0.009 0.006 0.105 0.055
19–20 0.012 0.015 0.025 0.034 0.010 0.009 0.105 0.059
20–21 0.017 0.014 0.028 0.023 0.009 0.012 0.106 0.053
21–22 0.019 0.010 0.022 0.014 0.011 0.014 0.104 0.054
22–23 0.024 0.011 0.018 0.017 0.013 0.006 0.104 0.059
23–24 0.014 0.020 0.032 0.004 0.099 0.067
24–25 0.015 0.026 0.047 0.007 0.120 0.119
25–26 0.018 0.021 0.045 0.017 0.200 0.300
26–27 0.019 0.025 0.025 0.037 0.258 0.595
27–28 0.022 0.036 0.017 0.052 0.355 1.112
28–29 0.016 0.027 0.012 0.057 0.364 1.326
29–30 0.035 0.009 0.065 0.398 1.465
30–31 0.032 0.009
31–32 0.031 0.016
32–33 0.026 0.017
33–34 0.023 0.014
34–35 0.027 0.012
35–36 0.035 0.009
36–37 0.044 0.011
37–38 0.050 0.013
38–39
39–40
et al. (1985); Tütken et al. (2002), and Haley et al. (2008a). As the
deep water from the Nansen Basin with its higher εNd flows towards
the Laptev shelf, it must have mixed with local water with a lower εNd
signature along its way, because samples from the Lomonosov Ridge
(core 248) and near the Laptev shelf (core 275 and 277) have lower
εNd values (−10.5 to −10.4) than cores 201 and 206 (−8.8 to −7.4).
237-1 248–4 275–1 277–2 285–6

TIC (%) Mn/Al Mg/Al Ca/Al TIC (%) Mn/Al Mn/Al Mn/Al Mn/Al

3.70 0.070 0.429 1.784 2.54 0.066 0.049 0.049 0.044
3.46 0.070 0.321 1.317 2.54 0.067 0.049 0.049 0.044
4.22 0.056 0.342 1.048 2.84 0.066 0.052 0.049 0.044
5.08 0.053 0.431 1.079 2.84 0.066 0.051 0.049 0.044
3.79 0.045 0.699 1.698 2.89 0.065 0.048 0.047 0.044
3.68 0.041 0.951 2.729 2.89 0.062 0.046 0.046 0.044
3.31 0.064 0.780 3.010 2.92 0.061 0.044 0.040 0.044
1.54 0.084 0.398 1.742 2.92 0.059 0.027 0.041 0.043
1.12 0.092 0.259 1.273 0.057 0.041 0.040 0.044
0.85 0.087 0.191 0.795 5.26 0.056 0.039 0.038 0.044
0.87 0.035 0.162 0.489 0.054 0.038 0.039 0.043

0.014 0.140 0.248 0.053 0.037 0.036 0.043
0.13 0.035 0.164 0.491 0.052 0.038 0.038 0.043

0.015 0.145 0.272 1.71 0.050 0.033 0.038 0.042
0.04 0.009 0.116 0.117 0.051 0.027 0.038 0.041

0.009 0.135 0.173 0.049 0.026 0.032 0.041
0.01 0.009 0.175 0.300 0.045 0.024 0.028 0.042

0.009 0.138 0.180 0.041 0.023 0.028 0.042
0.01 0.016 0.147 0.233 0.038 0.022 0.026 0.041

0.019 0.163 0.193 0.038 0.023 0.024 0.041
0.01 0.013 0.144 0.153 0.038 0.023 0.024 0.040

0.009 0.123 0.109 0.038 0.022 0.025 0.041
0.02 0.008 0.119 0.101 0.040 0.025 0.041

0.007 0.116 0.093 0.040 0.026 0.025 0.041
0.19 0.007 0.119 0.110 0.039 0.029 0.029 0.041

0.014 0.145 0.194 0.040 0.042 0.030 0.040
1.57 0.043 0.447 0.902 0.045 0.033 0.032 0.041

0.053 0.348 0.800 0.050 0.036 0.029 0.030
2.94 0.051 0.358 0.791 0.065 0.036 0.029 0.041

0.052 0.386 0.826 0.075 0.031 0.018 0.041
0.069 0.031 0.039 0.041
0.063 0.032 0.041 0.041
0.048 0.030 0.037 0.041
0.036 0.023 0.033 0.040
0.033 0.021 0.032
0.031 0.029
0.032 0.029
0.032 0.028

0.027
0.026

Image of Fig. 2


Fig. 3. Sedimentary Ca/Al (black), Mg/Al (blue), and TIC (red) data for cores 231 and 237 from the Canada Basin. Dashed lines: average shale. Gray bars indicate sediment layers with sup-
posed occurrence of dolomite.
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In this area, the Lena River is a likely source and could have had a greater
influence than today. It has been found that the very low Lenawater sig-
nature of−14 does not propagate far onto the Laptev shelf today, but is
diluted on the shelf by coastal currents flowing eastward (Haley and
Polyak, 2013). This dilution must have been absent during the LG be-
cause of the exposed shelf area, which moved the river mouth closer
to the core location.

At the Northern Gakkel Ridge and the North Pole (stations 211 and
217), LG εNd values (−12.2 and −11.4, respectively) are lower than
the surface samples. This may indicate an enhanced water flow from
Fig. 4. (based on IBCAO, Jakobsson et al., 2008) εNd values of the leachates from a) surface sedim
are given.
the Makarov Basin through an intra-basin on the Lomonosov Ridge.
This water flow has been observed in the modern Arctic Ocean (Björk
et al., 2007) andmay have been active during the LG aswell. This is like-
ly, because deep waters from the Canada and Makarov Basins (cores
225, 231, and 237) have low εNd value of −13.9 to −11.5. A reverse
flow from the Amundsen Basin to the Makarov Basin has not been ob-
served by Björk et al. (2007).

Our results agree with Darby et al. (2006) who found enhanced
water-mass exchange in the modern Arctic Ocean compared to the
Last Glacial and with Bischof and Darby (1997) who found that North
ents, b) sediments from the Last Glacial. Additional literature values of sediment leachates

Image of &INS id=
Image of Fig. 4


Fig. 5. εNd versus 87Sr/86Sr diagram for the lithogenic fraction of a) surface sediments, b) sediments from the Last Glacial. Reference data for potential source areas: Siberian Putorana
basalts: (Lightfoot et al., 1993; Wooden et al., 1993). Chukchi peninsula: (Ledneva et al., 2011) (from Georoc database); (Akinin et al., 2013). Okhotsk–Chukotka volcanic belt:
(Tikhomirov et al., 2006). Alaska peninsula: (Andronikov and Mukasa, 2010; Akinin et al., 2013. Mackenzie particles: Goldstein et al., 1984; Millot et al., 2003). (Mackenzie LIP: Dupuy
et al., 1992. Svalbard: Johansson et al., 1995; Johansson and Gee, 1999). Canadian Shield: (McCulloch and Wasserburg, 1978). North Greenland: (Kalsbeek and Jepsen, 1983, 1984;
Estrada et al., 2001; Upton et al., 2005; Kalsbeek and Frei, 2006; Thorarinsson et al., 2011). Arctic Archipelago: (Patchett et al., 2004) (only εNd values). Khatanga/Lena/Yana suspended
particulate matter (SPM): (Eisenhauer et al., 1999) (only 87Sr/86Sr values).
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Atlantic DeepWater formationwas active during glacials. In part our re-
sults are consistent with the study by Thornalley et al. (2015). The au-
thors found a very poorly ventilated deep Arctic Ocean during the LG
based on reconstructions of deep water ventilation ages. However, an
absence of deep convection, as stated by these authors, cannot be con-
firmed by our results. We conclude therefore that the Arctic Ocean
had at least a small influence on overturning in the Nordic Seas during
the LG.
Fig. 6. (based on IBCAO, Jakobsson et al., 2008) εNd values of the lithogenic fraction from a) sur
Beaufort Gyre and TPD Transpolar Drift) are shown schematically.
4.3. Lithogenic material

4.3.1. Modern situation
The different Nd and Sr isotope compositions of the studied

lithogenic fractions (Figs. 5, 6) show that the core sites are influ-
enced by different sources. Possible transport mechanisms are ero-
sion, river input, and sea ice transport and therefore surface
face sediments, b) sediments from the Last Glacial. Modern surface water circulations (BG

Image of &INS id=
Image of Fig. 6


Fig. 7. Enlarged section of Fig. 5 with arrows pointing from the LG values towards the
modern values for each core. Red: modern samples, black: LG samples.
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currents. Eolian input plays only a minor role in the Arctic Ocean
(Stein, 2008).

Individual source areas have a wide range of εNd and 87Sr/86Sr signa-
tures,making the assignment of our samples to distinct source areas dif-
ficult. All studied sediments most likely represent mixtures of material
from the Eurasian and Amerasian Arctic.

North Greenland source rock data (εNd and 87Sr/86Sr) encompass
the whole scale shown in Fig. 5 and therefore all samples could have
been influenced by material from Greenland (Kalsbeek and Jepsen,
1983, 1984; Estrada et al., 2001; Upton et al., 2005; Kalsbeek and
Frei, 2006; Thorarinsson et al., 2011). The same is valid for available
εNd data from the Arctic Archipelago. However, based on their loca-
tion and the prevailing surface currents it is more likely that cores
from the Canada Basin (231, 237) received more material from the
Arctic Archipelago than cores in the Eurasian Basin (201, 206, 211,
275, 285).

Core 201 in the Nansen Basin can be distinguished from the
other cores (206, 211, 248, 275, 285) of the Eurasian Basin. The
high 87Sr/86Sr values are indicative of contributions from Svalbard.
Svalbard source rocks have 87Sr/86Sr values ≥0.74 and εNd from
−25 to −7 (Johansson et al., 1995; Johansson and Gee, 1999).
The possible transport pathway is the West Spitsbergen Current,
which enters the Arctic Ocean from the Atlantic and flows along
the shelf break into the Nansen Basin (Rudels et al., 2012). This cur-
rent may transport sea ice with entrained material from Svalbard to
station 201.

Core 225 is slightly shifted to higher 87Sr/86Sr values and lower εNd
compared to the other Eurasian cores, in accordance with its location
in the Makarov Basin closer to Canada.

Cores 201, 231, and 237 are least influenced by SPM from the Siberi-
an rivers. This can be explained by enhanced inputs from Svalbard to
core 201 and the large distance of cores 231 and 237 to the Siberian
coast. Cores 231 and 237 plot closer to the Mackenzie particles. The
Ca/Al, Mg/Al, and TIC data provide additional evidence that locations
231 and 237 have Canadian influence especially transported by the BG
(see chapter 4.1).

Our results agree with previous provenance studies that used other
proxies like the chemical composition of sea ice-transported Fe oxide
grains. Darby (2003) found that grains sampled from modern central
Arctic ice floes have mixed sources (two Siberian sources and Banks Is-
land in northern Canada).
4.3.2. LG
There are some clear deviations in sediment provenance from the LG

to today (Figs. 5, 7). Most of the LG samples have lower 87Sr/86Sr values
and lower εNd values.

Core 201 received a smaller contribution from Svalbard. During the
LG, Svalbard was covered by the Svalbard-Barents Sea Ice Sheet
(Landvik et al., 1998; Svendsen et al., 2004), which, together with a
lower sea level, limited sediment transport to the Arctic Ocean.

Higher εNd values and lower 87Sr/86Sr in core 206 from the Gakkel
Ridge may be explained by increased influence of basalts from this
spreading ridge. Mühe et al. (1997) found εNd values of +7 for glasses
from the Gakkel Ridge. This influence could have been higher during
the LG, when the external hydrological material input to the Arctic
Ocean was smaller. Another possibility for higher εNd values is an in-
creased influence of volcanic material. Volcanic contribution from
circum-Arctic sources should have εNd values higher than −1.4 (Fagel
et al., 2014 and references therein). However, the influence of basalts
seems more likely because volcanic input probably would have influ-
enced other locations as well.

Core 217 from theNorth Polemay have receivedmorematerial from
the western Arctic than today, because εNd is shifted to lower values,
which is indicative for the Mackenzie.

Cores 211, 248, 275, and 277 plot closely together and can be dis-
criminated from the other samples by their low εNd and 87Sr/86Sr.
They probably received higher contributions from Siberian basalts com-
pared to today and compared to the other locations. The most probable
transport pathway is sediment entrainment on the shelves into drifting
pack ice with the TPD (Stokes et al., 2005).

The changes in εNd and 87Sr/86Sr for core 225 from the Makarov
Basin are within the measurement uncertainty. Either the transport
ways of lithogenic material to this location has not changed since the
LG or varying contributions from different source areas yield the same
values.

Cores 231 and 237 from the Canada Basin show a greater influence
from particulate material from the Mackenzie and possibly the Canadi-
an Shield during the LG (Fig. 5). This material was most probably
transported with the BG.

During the LG the Beaufort Gyre was weakened and icebergs drifted
from the western Arctic ice sheets towards Fram Strait (Bischof and
Darby, 1997). The transport of enclosed material with North American
signatures throughout the Central Arctic Ocean was possible. At the
same time, sea ice from Russia drifted towards the western Arctic
north of the Arctic Archipelago before leaving the Arctic Ocean via
Fram Strait as well (Bischof and Darby, 1997). The transport of material
withmixed sources to the studied sedimentswas therefore also enabled
during the LG.
5. Conclusions

The Nd and Sr isotopic composition of the leachable and lithogenic
fractions of modern and LG Arctic Ocean sediments was investigated
to document changes in deep water circulation and sediment prove-
nance. The authigenic Nd isotopic signature of the surface sediments is
mostly homogenous (εNd=−10.6±0.3; except for one value) and im-
plies that the modern deep water in the Eurasian Basin of the Arctic
Ocean originates mainly from the North Atlantic, which is in agreement
with previous studies. During the LG the authigenic fraction shows
more heterogenous values. This suggests enhanced input from the
shelf regions via brine rejection, while the large-scale deepwater circu-
lation does not seem to have changed, but was likely more sluggish. We
suggest that the Arctic Ocean had at least a small influence on deep
water formation and overturning in the Nordic Seas during the LG.
Additionally, the inflow from the Makarov (Canada) Basin to the
Amundsen Basin through a Lomonosov Ridge intra-basin was possibly
enhanced.

Image of Fig. 7
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Nd and Sr isotope ratios as well as bulk geochemical data indicate
that the lithogenic sediment fraction represents a complex mixture
from different source areas (North Greenland, Arctic Archipelago, Mac-
kenzie area, Canadian Shield, Svalbard, as well as Eurasian sources like
the Putorana basalts or the Okhotsk–Chukotka volcanic belt). The sepa-
ration of the Arctic Ocean into the Amerasian and Eurasian Basins is
clearly found in the isotopic signatures of the lithogenic sediment frac-
tion. Cores located in the Amerasian Basin have higher 87Sr/86Sr values
and lower εNd indicating influence from the Mackenzie whereas cores
from the Eurasian Basin have lower 87Sr/86Sr values and higher εNd in-
dicative of higher contributions from Siberian basalts. Additionally,
higher contents of Ca,Mg, and TIC, indicative for the occurrence of dolo-
mite from the Arctic Archipelago, and higher Mn/Al values, possible in-
dicators for enhanced riverine input from the Mackenzie area, can be
found in samples from the Amerasian Basin. Most of the lithogenic LG
samples have lower εNd and 87Sr/86Sr values than the recent samples
and a less homogenous provenance signature, suggesting enhanced
local input.We propose that due to lower sea level and exposed shelves,
the transport pathways of lithogenic material to the Arctic Ocean were
shorter, creating more heterogenous Nd and Sr isotope signatures
across the Arctic basins. This diverse εNd and 87Sr/86Sr distribution be-
came more uniform after the LG as a result of retreating ice cover, en-
hanced hydrological and particle flux and deep water mixing. To
further discriminate sources, studies of REE patterns of the lithogenic
sediment fraction after leaching may give additional information.
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